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Introduction:  The detection of organics on other 

planetary surfaces provides insight into the chemical 
and geological evolution of a Solar System body of in-
terest and can inform our understanding of its potential 
habitability. In this study, we explore the analytical ad-
vantages offered by a prototype two-step laser desorp-
tion/ionization time-of-flight mass spectrometer 
(L2MS) by exploiting the resonance-enhanced desorp-
tion of analyte. We demonstrate the ability of the L2MS 
to detect hydrocarbons in organically-doped analog 
minerals, including cryogenic Ocean World-relevant 
ices and mixtures. 

Methods & Instrumentation:  L2MS is compatible 
with a future in situ science payload, and operates by 
generating a neutral plume of desorbed analyte with an 
IR desorption laser pulse, followed at a delay by an UV 
laser pulse, ionizing the plume. Desorption of analyte, 
including trace organic species, may be enhanced by se-
lecting the wavelength of the IR desorption laser to co-
incide with IR absorption features associated with vi-
bration transitions of minerals or organic functional 
groups. For the results presented here, we employ a 
breadboard mid-infrared (MIR) desorption laser (3.457 
µm) with a discrete wavelength, selected to overlap the 

C-H stretch vibrational transition of certain aromatic hy-
drocarbons. Additional selectivity to aromatic species is 
provided by the 266 nm UV ionization laser pulse via 
the UV resonance-enhanced multiphoton ionization ef-
fects [1]. The use of distinct laser wavelengths allows 
efficient coupling to the vibrational and electronic spec-
tra of the analyte in independent desorption and ioniza-
tion steps, mitigating excess energy that can lead to 
fragmentation during the ionization process and leading 
to selectivity that can aid in data interpretation.  

In single-laser positive-ion laser desorption/ioniza-
tion mass spectrometry (LDMS), salts frequently over-
whelm the mass spectrum; in contrast, L2MS is insensi-
tive to salt and other dominant inorganic cations and tar-
gets certain high-priority classes of organic molecules, 
such as polycyclic aromatic hydrocarbons, organic ac-
ids, amino acids, and nucleobases [2,3] in complex mix-
tures. A detailed description of the development, speci-
fications, and sensitivity of this instrument has been re-
ported previously [2,3,4]. 

To measure samples at cryogenic temperatures rele-
vant to Ocean Worlds, such as Europa and Enceladus, 
we recently integrated a cooled sample stage into our 
L2MS testbed (Figure 2). A liquid nitrogen cooling loop 
is in thermal contact with the sample probe to provide 

Figure 1: A photograph of the breadboard MIR laser (laser path in red) and the L2MS mass analyzer. 
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temperatures sufficiently low as to mitigate sublimation 
of water ice mixtures under high vacuum conditions. 

 
Figure 2: A photograph of the cold sample stage, in-
cluding the orientation of the orthogonal IR (red) 
and UV (blue) laser paths relative to the sample. 

Results:  A mass spectrum of caffeic acid encapsu-
lated by a thin layer of water ice is presented in Figure 
3, and clearly shows the caffeic acid parent peak (m/z 
180 Da). With excess ionization laser energy, minor di-
agnostic fragments are revealed to corroborate struc-
tural assignment of the base peak (m/z 163 Da: M-OH; 
m/z 136 Da: M-2•OH).  

 
Figure 3: A mass spectrum of caffeic acid coated 
with water ice, measured at cryogenic temperatures. 

We investigated the limit of detection of the L2MS 
by measuring caffeic acid (C9H8O4) (Sigma Aldrich 
Co.) mixed with epsomite (MgSO4•7H2O) (Sigma Al-
drich Co.) at several concentrations. Epsomite has been 
identified spectrally on Europa’s surface [4], and may 
be sourced from the subsurface ocean [5], making it a 
relevant Europa analog salt for our laboratory studies. 

Samples were prepared by adding a solution of caf-
feic acid dissolved in ethanol to epsomite powdered to 
a <150 µm grain size. We measured a quantity of the 
organic solution to achieve a 10,000 ppm (1 wt%), 
1,000 ppm (0.1 wt%), and 100 ppm (0.01%) concentra-
tion series of caffeic acid in mineral concentration. The 

powdered mixture was dried, pressed onto a stainless 
steel stub, and mounted onto the sample probe. 

The mass spectra of the caffeic acid epsomite mix-
tures are presented in Figure 4, showing the caffeic acid 
parent peak (m/z 180 Da) and common ionization frag-
ments. An internal calibration standard, pyrene (m/z 202 
Da) is also present in the spectrum. The limit of detec-
tion of caffeic acid embedded in a mineral matrix of the 
L2MS is approximately 20 ppm (assuming threshold 
signal-to-noise ratio > 10 is necessary for a detection) or 
better.  Similar quantification of limits of detection will 
be pursued for a suite of organic analog compound clas-
ses in future work. 

 
Figure 4: Mass spectra of caffeic acid in epsomite at 
various concentrations (1%, 0.1%, 0.01%). 

Conclusions:  We explore the resonance-enhanced 
detection of analyte on Ocean World analog samples 
with a two-step laser mass spectrometer to demonstrate 
the value of this technique in the in situ detection and 
characterization of the organic and molecular biosigna-
ture inventory on other planetary surfaces. L2MS has 
the potential to preserve high-molecular weight biosig-
natures against excessive fragmentation, and offers an 
analytical mode with selectivity to certain high-priority 
classes of organics that may be otherwise obscured in a 
complex mass spectrum. 
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